Physicochemical and benthos data were collected from 12 marine monitoring stations in Daya Bay, during 2001Bay, during -2004 stations in Daya Bay could be grouped into three clusters: cluster I consisted of stations in the southern part of Daya Bay (stations S1, S2 and S6); cluster II consisted of stations in the cage culture areas (stations S3, S4, S5 and S8); cluster III consisted of stations in the southwest, the middle and the northeast of the Bay (stations S7, S9, S10, S11 and S12). Calculation with bivariate correlations between benthos and major physicochemical factors showed that the density of benthos in all stations correlated positively with temperature, DO, pH,
INTRODUCTION
China is a large coastal nation located along the western Pacific Ocean with 18,000 km of the mainland coastline, along which there are many large and important bays. Daya Bay is one of the series of large and important gulfs along the southern coast of China.
Daya Bay Nuclear Power Plant (DNPP) was the first commercial nuclear power plant and the largest foreign investment joint project in China since 1982, and marked the first step taken by China in the development of large-capacity commercial nuclear power units (Zang 1993) . The sea water from the Daya Bay Nuclear Power Plant has been discharged at a rate of about 95 m 3 s -1 and a temperature of 65℃ since 1993, and the warm water is deposited into the southern area of Daya Bay. Another Nuclear Power Plant -the Lingao Nuclear Power Plant (LNPP), located near the Daya Bay Nuclear Power Plant, has also been in operation since 2002. These changes have also given some impacts on the ecological environment of the southwestern part of Daya Bay (Bodergat et al. 2003; Wang et al. 2006 Wang et al. , 2008 Zheng et al. 2001) . Studies have also been conducted on the bay's overall ecology since 1982 (Han 1991; Pan & Cai 1996; Pan & Wang 1998; Wang et al. 2006 Wang et al. , 2008 . Tang et al. (2003) also applied "Advances Very High Resolution Radiometer" (AVHRR) data for studying the thermal plume from the power plant on Daya Bay. Wang et al. (2006) also used multivariate statistical analysis for studying the water quality and phytoplankton characteristics in Daya Bay during . Wu & Wang (2007 used chemometrics to evaluate anthropogenic effects in Daya Bay and found that increases in human activities alter the balance of nutrients in Chinese coastal waters. Wang et al. (2008) summarized and discussed the changes in the ecological environment of Daya Bay, and the trends in more than 20 years. Zooplankton characteristics can be affected by many factors, for example, the cooling system of nuclear power plants has unfavorable thermal effects on the sea surface micro-layer zooplankton community structure (Yang et al. 2005) . The human activities were the main factor to impact the ecological environment in Daya Bay (Wang et al. 2006 (Wang et al. , 2008 Wu & Wang 2007; Wu et al. 2009 Wu et al. , 2010 .
Water quality and benthos characteristics have also been investigated in other bays in the world (Dauer & Alden 1995 , Theodorou 1995 , Hall et al. 2000 . Dauer & Alden (1995) indicated that health of benthic communities was inferentially related to trends observed in water quality conditions in the tributaries and the main-stem of Chesapeake Bay. Theodorou (1995) made an assessment of water quality in a coastal embayment (Phaleron Bay, Greece), and found that the water column quality and benthos are indistinguishable from those of the open Saronikos Gulf. Hall et al. (2000) studied a probabilistic ecological risk assessment of tributyltin in surface waters of the Chesapeake Bay Watershed. Understanding the organisms' sublethal responses and drawing on experimental ecological studies will lead to improved prediction of benthic community's responses and more reliable assessment of project impacts.
This paper makes the first attempt at identifying the relationships between the water quality and benthos characteristics in Daya Bay by multivariate statistics, based on the systematically investigated data in Daya Bay during [2001] [2002] [2003] [2004] .
MATERIALS AND METHODS

Study site
The sampling area of Daya Bay is located at 113 º 29′42″-114 º 49′42″E and 23 º 31′12″-24 º 50′00″N in Guangdong Province (Fig. 1) . It covers an area of 600 km 2 with a width of about 15 km and a northsouth length of about 30 km, and about 60% of the area in the Bay is less than 10 m deep (Xu 1989; Wang et al. 2006 Wang et al. , 2008 . Dapeng Cove, lying between the Lingao Nuclear Power Plant (LNPP) and the Marine Biological Research Station (MBRS) in the southwestern part of Daya Bay, is about 4.5 km (N-S) by 5 km (E-W). Daya Bay is located in a subtropical region, and its annual mean air temperature is 22℃. The coldest months are January and February, with a monthly mean air temperature of 15℃, and the hottest months are July and August, with a monthly mean air temperature of 28℃. The minimum sea surface temperature occurs in winter (15℃) and the maxima -in the summer and the fall (30℃) (Xu 1989; Wang et al. 2006 Wang et al. , 2008 . No major rivers discharge into Daya Bay, but there are three small rivers (Nanchong River, Longqi River and Pengcheng River) that flow into Dapeng Cove.
The Pearl River is in the western part of Daya Bay. The bay has diverse subtropical habitats including coral reefs, mangroves, rocky and sandy shores, mudflats, etc. The coral reefs and mangroves have special resource values and ecological benefits, and are very important to the sustainable social and economical development in these subtropical coastal areas (Wang et al. 2008) . Coral reefs and mangrove areas have important relations to the regulation and optimization of the subtropical marine environments and have become the subject of much international attention in recent years (Mumby et al. 2004 , Pearson 2005 .
Field sampling and laboratory analysis
Locations for 12 monitoring stations at Daya Bay are shown in Fig. 1 (Wang et al. 2006 (Wang et al. , 2008 . Seawater samples were taken during [2001] [2002] [2003] [2004] . A Quanta  Water Quality Monitoring System (Hydrolab Corporation, USA) was employed to collect the data for temperature, pH, salinity and depth of water in all stations. Sea water samples for the analysis of nutrients and chlorophyll a were taken using 5-L GO FLO bottles at the surface and bottom layers, and other samples from various depths were collected according to the methods and sampling tools of "The specialties for oceanography survey" (GB12763-91, China). Water samples from various depths were analyzed for nitrate, nitrite and silicate with a SKALAR auto-analyzer (SkalarAnalytical B.V. SanPlus, Holand). Ammonium and phosphorus were analyzed with oxidation methods using hypobromite and molybdophosphoric blue, with a UV1601 spectrophotometer (SHIMADZU Corporation). Dissolved oxygen (DO), 5-day biochemical oxygen demand (BOD5), chemical oxygen demand (COD) and transparency were tested according to "The specialties for marine monitoring" (GB17378. 4-1998, China) .
Two replicates of 1.5-l samples from the depths mentioned above were filtered through 47 mm GF/F filters and were immediately deep-frozen at 20℃. At the end of the cruise, all filters were transported to the shore laboratory in liquid nitrogen. Within a week, the chlorophyll a was extracted in 10 ml 90% acetone in the dark for 24 h in a refrigerator and its concentration was determined with 10-AU Fluorometry (Turner Designs, USA).
Benthos collection and analysis
Benthos analysis was also carried out at 12 stations according to "The specialties for oceanography survey" (GB12763-91, China). After seawater samples were taken, two replicate box core (Wang et al. 2006 (Wang et al. , 2008 .
samples were collected for benthic community analysis. Each replicate had a surface area of 0.05 m 2 (the core depth is about 20 cm) and was sieved on a 0.5 mm screen and relaxed in dilute isopropyl alcohol for benthos analysis (Ning et al. 2005 , Dauer & Alden 1995 . The species number, abundance and wet weight were recorded. For weight measurements BT-224S Sartorius Electronic Balance (Beijing Sartorius Instrument & System Engineering Co., Ltd) was used. Sample analysis was carried out at the South China Sea Institute of Oceanology, Chinese Academy of Sciences, China.
Statistical analysis
All statistical analysis methods were used according to Johnson & Wichern (1998) . Kendall's tau-b values were used to measure the degree of association among various variables with bivariate statistical analysis. Bivariate correlations between the biomass of benthos and major physical and nutrient factors were calculated for all stations. Flexible-Beta cluster analysis was used between groups transforming the measures with Flexible-Beta Distance. Factor analysis techniques were used to investigate the various factors that are present in each of the three clusters identified by cluster analysis. Factors were identified by the principal component method with varimax rotation (using PROC X16 of the SAS system). Canonical correlation analysis was carried out at stations S5, S6 and S11 at which benthos data were available, and the proportion of variation can be explained by the canonical variable. All statistical analysis programs are part of the Statistical Analysis System (SAS 9.0) software package (SAS Institute Incorporation, 2002) .
RESULTS
Water quality and benthos data collected from 2001 to 2004 at 12 stations in Daya Bay are summarized in Table 1 , 2. In addition, physical, nutrient and biological factors at stations S2, S3, S5, S7, S10 and S12, representing different functional sea areas in Daya Bay, are selected in Fig. 2 (Table 1 ). The average temperature ranges from 23.76℃ to 25.83℃. The lowest average temperature was observed at station S2 at the mouth of Daya Bay. Average salinity varied from 31.44 to 32.46, a higher average temperature was observed at stations S1 and S2 at the mouth of Daya Bay (Table  1) . Stratification, due to temperature and salinity differences between the surface and bottom waters within the bay, started to develop in June, became the strongest from July to September, and disappeared in October when cold-water upwelling took place, which affects the distribution of a variety of nutrients, and thus it fluctuates in Daya Bay. Temperature and salinity were uniformly distributed with the depth from November to May in the following year. Based on the data measured from 2001 to 2004, the highest surface and bottom water temperatures occurred in October and the lowest ones -in January (Wang et al. 2006) .
The average pH was quite uniform at all stations and ranged from 8.09 to 8.20 from 2001 to 2004 (Table 1) . Dissolved oxygen (DO) in surface waters were higher than in bottom waters at all stations. The average dissolved oxygen concentration in Daya Bay is more uniform than the temperature ranging from 6.97 mg dm -3 to 7.78 mg dm -3 (Table 1) . Dissolved oxygen content in spring and winter was higher than in summer and autumn. The highest dissolved oxygen content occurred in winter and the lowest one in summer. 5-day biochemical oxygen demand (BOD5) levels in Daya Bay ranged from 1.27 to 1.86 mg dm -3 , the highest BOD5 content occurred at stations S3 and S8 (Table 1) . Chemical oxygen demand (COD) ranged from 0.739 to 1.08 mg dm -3 from 2001 to 2004 (Table 1) .
The lowest Secchi disk depth (1.96 m) was recorded at station S3 at the southwest of Daya Bay, and the highest Secchi disk depth (3.41 m) was recorded at station S6 in the center of Daya Bay. The high values of Secchi disk depth were in the southern part of Daya Bay. (Table 1) .
Average concentrations of total dissolved inorganic nitrogen (TIN), phosphorus (PO4-P) and silica (SiO3-Si) in Daya Bay ranged between 3.799-5.420 μmol dm -3 , 0.105-0.171 μmol dm -3 and 19.32-28.03 μmol dm -3 (Table 1) , respectively. Ratios of TIN to PO4-P and PO4-P to SiO3-Si ranged between 40.11-52. 85 and 234.19-1252.80 .
Mean chlorophyll a levels in Daya Bay ranged from 1.62 and 4.18 μg dm -3 (Table 1) , the higher values were always found in autumn and summer. Station S8 in Daya Bay had the highest chlorophyll a levels (4.18 μg dm -3 ), followed by station S3 (4.16 mg dm -3 ).
About 200 species of benthos sampled from Daya Bay have been studied since 1982 (Jiang et al. 1990 , Wang et al. 2008 (Jiang et al. 1990 ). The polychaeta, mollusca, echinodermata and crustacean were the main benthos communities in Daya Bay with a variation of dominant species demonstrating the annual succession (Table 2 ) (Dauer et al. 1995 , Currie et al. 1999 . A statistically significant decreasing trend in pH was observed at all stations (Fig. 2a) This result was similar to those observed in Port Shelter of Hong Kong (Yung et al. 2001) . The higher and lower values were found in winter and summer of 2001 at the selected stations.
All nutrient parameters remained relatively unstable during the study period at the selected stations (Fig. 3) .
The concentrations of TIN showed significant increasing trends (Fig. 3a) , and PO4-P and SiO3-Si showed significant decreasing trends at all stations (Fig. 3b, c) . The ratios of TIN to PO4-P increased from 2001 to 2004 (Fig. 4a) , and the ratios of SiO3-Si to PO4-P remained relatively stable except for 2002 (Fig. 4b) . The levels of chlorophyll a increased at first and then decreased (Fig. 4c) at the selected stations in Daya Bay from 2001 to 2004, and the highest value recorded at station S3 was in the cage culture areas (Wu & Wang 2007 , Wu et al. 2009 ). The polychaeta, mollusca, echinodermata and crustacean were the dominant benthos groups in Daya Bay (Wang et al. 2008 ). There were also trends for the different levels Bivariate correlations between benthos biomass and major physical and nutrient factors were calculated for all stations. The density of benthos at all stations correlated positively with temperature, DO, pH, NH4-N, SiO3-Si, SiO3-Si/PO4-P, chlorophyll a and negatively correlated with salinity, Secchi, COD, NO3-N, NO2-N, TIN, PO4-P, TIN/PO4-P, BOD5. Such a relationship between nutrients and benthos was also found in the Lower Chesapeake Bay (Dauer & Alden 1995) .
Cluster analysis based on the major water quality parameters measured (the first column of Table 2) revealed that the 12 monitoring stations could be grouped into three clusters. Flexible-beta cluster analysis was used and the corresponding dendrogram using the Flexible-beta method between groups transforming measured with Flexible-beta distance, and the result of the Flexible-beta cluster analysis was shown in Fig. 6 .
Factor analysis techniques were used to investigate the various factors that are present in each of the three clusters identified by cluster analysis. Factors were identified by the principal component method with varimax rotation. Eigenvalues and cumulative proportions of the correlation matrix are presented in Table 3 . The first four eigenvalues (λ1-λ4) of the correlation matrix of the clusters, using the principle component method in factor analysis, are also shown in Table 4 . ). In order to investigate the association between a physical-chemical and biological variable, canonical correlation analysis was carried out for stations S5, S6 and S11, for which benthos data were available. The proportion of variation can be explained by the canonical variable, and the correlation coefficients between individual parameters and their canonical variables for stations S5, S6 and S11 are shown in Table 5 .
At station S5, near the DNPP and LNPP in the southwestern part of Daya Bay, three pairs of significant canonical variables were identified, which accounted for 100% of the variations. The correlations between the physico-chemical/biological parameters and their corresponding factors are presented in Table 5 . The first canonical variable of the physico-chemical parameters involved a contrast between DO, NO3-N, NO2-N, TIN, PO4-P, SiO3-Si and SiO3-Si/PO4-P, biological parameters associated strongly with the biomass of crustacean and others. The second canonical variable was chiefly contributed to temperature, salinity, pH, DO, Secchi, COD, SiO3-Si, BOD5, chlorophyll a and all the biomass of benthos. The third canonical variable involved a contrast between temperature, NO2-N, NH4-N, TIN/PO4-P, SiO3-Si/PO4-P and the biomass of polychaeta and echinodermata.
At station S6 at the south of Daya Bay, two pairs of significant canonical variables were also identified, which accounted for 100% of the variations. The correlations between the physico-chemical/biological parameters and their corresponding factors are also presented in Table 5 . The first canonical variable of the physico-chemical parameters involved a contrast between temperature, salinity, DO, Secchi, NO3-N, NO2-N, PO4-P, TIN/PO4-P. The second canonical variable chiefly included pH, COD, NO3-N, NH4-N, PO4-P, SiO3-Si, TIN/PO4-P, SiO3-Si/PO4-P, BOD5 and all the biomass of benthos.
At station S11 in the northeastern part, near the biggest cage culture area-the Fanhe harbor in Daya Bay (http//hzsin.gov.cn), one pair of significant Table 4 The first four eigenvalues (λ 1 -λ 4 ) of the correlation matrix of the clusters using the principle component method in factor analysis. , and the first canonical variable of the physicochemical parameters could be accounted for by different factors only at station S11. For the biological parameters, the first canonical variable all consisted of the biomass of crustaceanexcept for station S11. The second canonical variable had all positive association with the biomasses of polychaeta, echinodermata and crustacean at stations S5 and S6.
DISCUSSION
The temperature data suggest that Daya Bay is affected by the East Guangdong upwelling and a thermocline developing between June and August (Wang et al. 2006) . During that time, the thermocline temperature gradient averaged 0.5 -1℃ m -1 . The thermocline depths changed from 6 m to 10 m, and its thickness was about 2 -4 m in Daya Bay (Wang et al. 2006) . The minimum water temperature at the bottom was about 23℃ in June of each year. The thermocline disappeared from September to the following March due to mixing (Wang et al. 2006) .
The DO, BOD5 and COD changed from 2001 to 2004 indicating that the seawater of DYB was also within the First Class of National Seawater Quality Standards for China (GB3097-1997).
Inorganic nitrogen and phosphorus levels were within the National First Class Water Quality Standards for China from 2001 to 2004 (Wang et al. 2008) . NH4-N (about 49%) and NO3-N (about 43%) are the dominant total dissolved inorganic nitrogen (TIN) forms, they are accounting for about 90% of the TIN in these years, and NO2-N is only about 8%. The NO3-N content is lower relative to NH4-N, revealing the thermodynamic imbalance between NH4-N, NO2-N and NO3-N. Biological activity may be the main factor influencing the balance (Huang et al. 2003; Wang et al. 2006 Wang et al. , 2008 , and there were different degrees of transformation of NH4-N for the different bay regions. Concentrations of NH4-N at stations S3, S8 and S11 in the cage culture areas for fish and seashell, as well as near the Fanhe harbor in Daya Bay, were higher than at other stations. The marine water quality of Daya Bay is better than in Port Shelter of Hong Kong (Yung et al. 2001 ) and in the Pearl River (Xu et al. 2005) , and worse than in Sanya Bay (Huang et al. 2003 . Stations S8 and S3 were in the cage culture areas for fish and seashell in Daya Bay, and near the Aotou harbor and the Pengcheng River in Dapeng Cove of Daya Bay. There were higher nutrient concentrations in the areas of stations S8 and S3 than in the other areas, and the biomass of benthos was always lower. These results indicate that nutrients were the main factors influencing chlorophyll a and phytoplankton in Daya Bay (Sommer et al. 2002) and the biomass of benthos (Josefson & Rasmussen 2002) . There is also a risk that higher nutrients will deteriorate the environment for the growth of benthos (Dauer & Conner 1980) .
The biomass of benthos varied seasonally, the maximum occurred in winter. Although the main species of benthosin Daya Bay demonstrate a minor change trend from 83 species to 93 species in 2001 (Wang et al. 2008 , the annual mean biomass of benthos was gradually decreasing from 154. (Wang et al. 2008) . These results indicate that one reason might be the fact that the temperatures in 2002-2003 were almost the lowest at all stationsthis may have been due to the El Niño phenomenon (Chao et al. 1996 , Chen et al. 2005 , and another reason might be the anthropogenic activities as the main factor for influencing the ecological environment in Daya Bay (Wang et al. 2006 (Wang et al. , 2008 Wu & Wang 2007; Wu et al. 2009 ), such as the nuclear power plants (Wang et al. 2006 (Wang et al. , 2008 and marine aquaculture (~13298 ha cage culture area) (Wu & Wang 2007; Wu et al. 2009 Wu et al. , 2010 .
All selected stations have also an increasing trend in the water temperature from [2001] [2002] [2003] [2004] (Fig. 2b) , especially in 2004. Climate change scenarios for the year 2100 indicate a significant increase in the air temperature (by 2.3 -4.5°C) and the greatest threat to the environment of the Gulf (Kont et al. 2003) . The highest value appeared especially near the nuclear power stations in a different year. In 2002-2003, the temperature was almost the lowest one at all stations, probably effected by El Niño (Chao et al. 1996 , Chen et al. 2005 . Dissolved oxygen and salinity were increasing from 2001 to 2004 at the selected six stations. The chemical oxygen demand had demonstrated a statistically significant decreasing trend. The 5-day bio-chemical oxygen demand has a statistically significant increasing trend (Fig. 4d) , with the highest BOD5 always at stations S3 and S8 of the cage culture areas, and this water environment was not suitable for marine zooplankton .
The warm waste water was one of the reasons that could directly affect the density of plankton and benthos at stations S4 and S5 near the nuclear power plants in Daya Bay (Zheng et al. 2001 , Wang et al. 2008 . Assuming that the temperature of waste water from the nuclear power plant to be 1°C warmer than the surrounding seawater, then the area of Daya Bay affected by this warmer water was about 5.51 km 2 (Zeng et al. 2002) . The lower biomass of benthos was found at stations S1, S2 and S6 in the southern part ofDaya Bay, where temperatures might be lower (~1°C compared with the other areas), and the result is similar to that obtained by Brey and Gerdes (1997) who worked in the Antarctic. These results indicated that the temperature was an important factor for the benthic growth, especially in Daya Bay (Wang et al. 2008) . The same results were also obtained in the areas of stations S3 and S8 (Table 1) . Stations S3 and S8 in the cage culture areas with higher nutrients than in the other areas, are not good environments for marine zooplankton and benthos , Wang et al. 2006 . Nutrients and temperature could play an important role in determining the density of phytoplankton, the biomass of zooplankton and of benthos in Daya Bay (San Diego-McGlone et al. 1995; Edwards et al. 2003; Gil et al. 2002; Wang et al. 2003; Wang et al. 2006 Wang et al. , 2008 . Shtereva et al. (1999) pointed out to the high level of nutrients and the capacity of the ecosystem to produce and maintain high phytoplankton biomass, and it also affected the biomass of benthos (Gil et al. 2002 , Wang et al. 2008 . Compared with other investigated stations, the warm water from the nuclear power plants affected the biomass of benthos at stations S4 and S5 (Table 1 and Fig. 4) . The results indicated that the warm water from the Daya Bay Nuclear Power Plant (since 1993) and Lingao Nuclear Power Plant (which was put into full production in 2003) had greatly influenced the ecological processes and the environment in this region, particularly plankton and benthos were directly affected as marine organisms (Zheng et al. 2001; Li & Cai 2001; Wang et al. 2006 Wang et al. , 2008 .
The results of the correlation analysis revealed that not only the temperature, DO, pH, SiO3-Si, SiO3-Si/PO4-P, chlorophyll a, but also salinity, Secchi depth, NO3-N, NO2-N, TIN, TIN/PO4-P, BOD5 could play an important role in determining the biomass of benthos in Daya Bay (Dauer&Alden 1995) . The results are different from those obtained with multivariate statistical analysis that studied the water quality and phytoplankton characteristics in Daya Bay from 1999 to 2002 (Wang et al. 2006) .
Cluster I consisted of stations S1, S2 and S6 in the southern part of Daya Bay, where there are more effects from the Pearl River and South China Seas (Xu 1989) , such as the East Guangdong upwelling (Xu 1989; Wang et al. 2006 Wang et al. , 2008 . Cluster II consisted of stations S3, S8 and S11 in the cage culture areas in the southwestern part, the northwestern part near the Aotou harbor and the northeastern part near the Fenhe harbor of Daya Bay. The fish farming in Daya Bay has increased from the annual production of about 100 tons (∼440 ha cage culture area) in 1988 to approximately 60,000 tons (∼14,000 ha cage culture area) in 2005, nearly 600-fold growth during the past 17 years (Wu et al. 2009b) .Cluster III consisted of stations S4, S5, S7, S9, S10 and S12 in the southwestern, the middle and the northeastern parts of Daya Bay. The results of cluster analysis could also reflect the different functional areas of Daya Bay. These results are different from those reported for the water quality and phytoplankton characteristics in Daya Bay by Wang et al. (2006) , and also indicated that human activities were the main factor affecting the ecological environment in Daya Bay (Wang et al. 2008; Wu & Wang 2007; Wu et al. 2009 Wu et al. , 2010 .
In each cluster, more than 50% of the data variance could be explained by the first two principle components. In general, NO3-N, NH4-N and TIN are the most important factors in differentiating the characteristics of the three clusters as it is evident from the factor loadings. Cluster I with factor 1 (positively with COD, NH4-N, NO3-N, TIN, TIN/PO4-P and BOD5) and factor 2 (positively with temperature, pH, Secchi and NO2-N) accounted for 45.54% of the data variance. Cluster II with factor 1 (positively with DO, COD, NO3-N, BOD5 and Chlorophyll a) and factor 2 (positively with NH4-N, NO2-N, NO3-N, TIN, PO4-P and SiO3-Si/PO4-P) accounted for 38.36% of the data variance. Cluster III with factor 1 (positively with DO, NO3-N, TIN, PO4-P and SiO3-Si) and factor 2 (positively with salinity, Secchi depth, NO3-N and NO2-N) accounted for 23.78% of the data variance. Table 3 shows the corresponding factor loading in three clusters. It should be noted that NO3-N and NH4-N were important factors among stations in the three clusters, whereas concentrations of individual nutrient factors (i.e. NH4-N, NO2-N, NO3-N, TIN and PO4-P) were more important in Cluster II. These results were similar to the research on spatial characterization of nutrient dynamics in the Bay of Tunis (Souissi et al. 2000) , on long-term changes in the water quality and phytoplankton characteristics in Port Shelte (Yung et al. 2001 ) and also on the water quality and phytoplankton characteristics in Daya Bay (Wang et al. 2006) , which showed that nutrients were apparently more important factors among stations in different clusters.
These results are different from the research reported for canonical correlation analysis about the water quality and phytoplankton characteristics in Daya Bay (Wang et al. 2006) . The canonical correlation analysis for stations S5, S6 and S11 suggested also that benthos communities could be considered as bioindicators of water quality in Daya, particularly subjected to anthropogenic disturbance (Casazza 2002) .
CONCLUSIONS
The results of the present study indicated that the biomass of benthos at all stations correlated positively with temperature, DO, pH, NH4-N, SiO3-Si, SiO3-Si/PO4-P and chlorophyll a, whereas negatively correlated with salinity, Secchi depth, COD, NO3-N, NO2-N, TIN, PO4-P, TIN/PO4-Pand BOD5 by calculation of bivariate correlations between benthos and major physical and nutrient factors. All stations could be grouped into three clusters. Cluster I consisted of stations S1, S2, and S6, which were in the southern part of Daya Bay. Cluster II consisted of stations S3, S4, S8 and S5 in the cage culture areas in the southwestern part, the northwestern part near the Aotou harbor and the northeastern part near the Fenhe harbor of Daya Bay. Cluster III consisted of stations S7, S9, S10, S11 and S12 in the southwestern, the middle and the northeastern parts of Daya Bay. The results also suggest that nutrients and benthos are good environmental indicators that can quickly reflect the changing water quality in Daya Bay. As a multi-type ecosystem, Daya Bay seems to be driven mainly by human activities (Wang et al. 2008) . The results revealed that the temperature and nutrients could also play an important role in determining the biomass of benthos in Daya Bay.
The warm water from the Nuclear Power Plants and waste water from the cage culture areas had greatly influenced the ecological processes and the environment in this region according to changes in the biomass of benthos and water quality at different stations in Daya Bay. Particularly the benthos was directly affected as marine organisms, thus there is a need for more research on the waste warm water from the Nuclear Power Plants and from cage culture areas affecting the regional ecosystem of Daya Bay (Wang et al. 2006 . Furthermore, the development of fish-farming in Daya Bay should be controlled in the future (Wu et al. 2009 ).
